Objective: The elderly is a fast-growing segment of the population and the number of oncogeriatric patients with lung cancer is expected to increase. The purpose of this study was to overview surgical habits for lung cancer in octogenarians. Methods: We used EPITHOR W , the French national thoracic database, created in 2002 and including more than 135 000 procedures from 93 institutions. We collected prospectively data concerning 622 patients 80 years or older, and 16 461 patients younger than 80 years with lung cancer from 1 January 2004 to 31 December 2008. We compared patients' characteristics, lung-cancer presentation, and surgical treatment between these two groups. Results: Patients' characteristics analysis: the distribution by gender, body mass index, and forced expiratory volume was comparable for the two groups. American Society of Anesthesiologists (ASA) score (ASA 1 and 2: 59%, n = 363 vs 71%, n = 11543, p < 0.0001) and performance status (PS) were worse for older patients (PS 0 and 1: 86%, n = 470 vs 89%, n = 12685, p < 0.0001). Mean age (82.0, confidence interval (CI) 95% (81.9; 82.2)) and sex ratio (2.51, n = 445 males) were stable for octogenarians across 5 years. Lung-cancer presentation analysis: in the elderly, stages I and II were of 71% (n = 361) versus 66% (n = 8735) in the younger group ( p = 0.001). Surgical treatment analysis: resections in octogenarians were pneumonectomy 10% (n = 62) versus 15% (n = 2409) for patients under 80 years, lobectomy 67% (n = 415) versus 65% (n = 10734), bilobectomy 4% (n = 25) versus 5% (n = 809), sub-lobar resection 11% (n = 70) versus 8% (n = 1355) ( p = 0.034). They underwent video-assisted thoracic surgery in 7% (n = 43) versus 6% (n = 917) ( p = 0.034). No lymph node dissection was more frequent in patients 80 years or older (8%, n = 45) than in younger patients (5%, n = 738) ( p = 0.0004). Conclusion: Taken as a whole, octogenarians underwent more sub-lobar resections and less mediastinal lymph node dissections than younger patients. Effective management of lung cancer in older patients should be tailed to individual needs. Surgical treatment should not be denied on chronological age alone anymore. #
Introduction
The number of old patients is constantly growing in Europe and in the world. The progressive aging of the population goes with an increased incidence of cancer [1] . In France, 60% of the new cases of cancer are currently diagnosed in patients over 65 years and 70% of the deaths by cancer occur in patients older than 65 years [2] . The increase of lung cancer incidence with increasing age is becoming more obvious as the elderly is a fast-growing segment of the population [3] . Lung cancer in older individuals is becoming a common problem faced by the thoracic surgeon and the oncologist. The elderly are often excluded from participation in clinical trials or are underrepresented in clinical cancer research. Most retrospective studies on surgical treatment of lung cancer are not really representative of the different patients' age groups [4] .
The elderly are a very heterogeneous group of patients [5] . The variability of comorbidities and the physiological decline of the functional reserve of multiple organ systems are poorly reflected by chronological age [6] . Effective management of cancer in older patients is individualization of treatment with geriatric assessment according to international validated scales [7] .
The number of oncogeriatric patients with lung cancer is expected to increase in the next decades, especially over 80 years of age. The purpose of this descriptive study was to overview surgical habits for lung cancer in the octogenarians to evaluate if specific guidelines are required for these patients, comparing surgical management between patients 80 years or older and patients under 80 years. Each surgeon from a unit has his own password to access the data collection. Each medical record contains 50 variables, of which 14 are required to initialize the file and two to close it. Patient data are recorded exclusively by means of hierarchic pull-down menus. Variables collected include information about patient's personal characteristics, medical history, surgical procedures, cancer staging, and outcomes. Data are sent by Internet to the national database; surgeons and patients are anonymous.
Patients and methods

Data collection
Surgeons can check the quality of their way to enter the data by comparing themselves to national data through a quality score ranging from 0% to 100%. The exhaustive collection of the data is also guaranteed by the on-site quality audit that takes place in the departments involved in Epithor W . The Institutional Review Board of the French Society of Thoracic and Cardiovascular Surgery approved the electronic prospective database used for this study as well as the study itself. Patients' consent was obtained for entry into the prospective database, and patients were aware that these data would be used for clinical research purposes.
Patients
We collected prospectively the data concerning 17 083 patients with lung cancer from January 2004 to December 2008; 622 patients were 80 years or older. Baseline demographics included age, gender, American Society of Anesthesiologists (ASA) score, performance status (PS), body mass index (BMI), forced expiratory volume (FEV), dyspnea score according to Medical Research Council, and number of comorbid diseases. Number of comorbidities per patient, considered as a categorical variable, was taken into account in the descriptive analyses because of a recent study that suggests the superiority of this variable on the types of individual comorbidities in a predictive model for in-hospital mortality [8] .
Data were also collected on the following variables: type of procedure (wedge resection or segmentectomy as sublobar resections, lobectomy, bilobectomy, pneumonectomy), type of mediastinal lymph node dissection (no lymph node dissection, sampling, and radical lymphadenectomy), localization, surgical approach (open thoracotomy, and videoassisted thoracic surgery) histology, surgical resection margins (complete as R0, microscopically invaded as R1, and macroscopically invaded as R2), operative duration, primary lung cancer stage, in accordance with the American Joint Committee on Cancer (AJCC) [9] , and length of hospital stay.
'Sentinel events'
We used supplementary variables, made artificially, that we classified as 'sentinel events' referring to abnormal situations in the surgical treatment of lung cancer. We determined these variables to evaluate if the frequency of these situations were different between patients 80 years or older and patients under 80 years. The sentinel events were already proposed in the Recommendations of the French Society of Thoracic and Cardiovascular Surgery for surgical treatment of primitive non-small-cell lung cancer [10] . We defined the five following sentinel events: 'explorative thoracotomy' as an open thoracotomy with no surgical resection associated, 'stage IA pneumonectomy' as a pneumonectomy in a patient diagnosed with stage IA lung cancer according to the AJCC, 'no lymph node dissection' as a surgical treatment with no mediastinal lymph node dissection at all, 'R2 resection' as surgical resection with pathologic evidence of macroscopically invaded margins and 'infra-lobar resection' as wedge resection or segmentectomy in patients presenting the three following characteristics: ASA 2, PS 1, and FEV 60%.
Contributing centers
As the study is a multi-institutional one, we conjectured if activity volume has an impact on recruitment of elderly patients. We know that centers involved in Epithor W are very heterogeneous. The French national database includes almost 80% of the departments of thoracic surgery throughout the country, regardless private or public status, or teaching status. These characteristics are not available due to anonymization process. We attributed a randomized number ID to each institution. We described the distribution of elderly patients treated in five different groups of centers, according to volume. We arbitrarily made five categories stratified on number of patients (whatever their age): centers contributing to the study with at least 500 patients from 2004 to 2008 (named '>500'), 200-499 patients (named '500 to 200'), 100-199 patients (named '200 to 100'), 50-99 patients (named '100 to 50'), and with less than 50 patients (named '<50').
Statistical analysis
Statistical analyses were performed using the XLSTAT system with XLSTAT-Life extension for Microsoft Excel W (Addinsoft, SARL, Paris, France). We compared patients' characteristics, lung-cancer presentation at diagnosis, surgical treatment, and frequency of sentinel events between patients 80 years or older and patients under 80 years. Binary and categorical variables were compared with x 2 and continuous variables with unpaired t-test. We assumed that the missing data concerning ASA score (1.2%), PS (13.0%), dyspnea score (19.4%), FEV (25.1%), mediastinal lymph node dissection (8.9%), histology (13.0%), operative duration (15.7%), cancer stage (19.2%), and surgical resection margin status (14.2%), were missing at random. Hence, these data were excluded from the statistical analysis because of the large number of patients, considering that the fact that the data was missing was not related to the true values of the missing data [11] . The statistical significance of p values was set at less than 0.05.
Results
Patients' characteristics
A total of 17 083 patients registered in Epithor W received surgical treatment for lung cancer during the 5-year period. Patients' characteristics are listed in Table 1 . The first group contained 622 patients 80 years or older, and had a sex ratio of 2.51 (male were 71.5%, n = 445). The second group was constituted of 16 461 patients under 80 years, and had a sex ratio of 3.11 (male were 75.7%, n = 12 456). The difference of sex ratio between the two groups was not strictly significant ( p = 0.06). The distribution by BMI ( p = 0.40) and FEV ( p = 0.28) was comparable for the two groups. Difference in dyspnea score was near to significance with p = 0.052. ASA score was worse for older patients; ASA 1 and 2 represented 58.9% of patients (n = 363) versus 71% (n = 11 543) for younger patients ( p < 0.0001) ( Table 1) . Number of comorbidities per patient, with no consideration of type, as previously described, was more elevated in patients 80 years or older: 9.5% (n = 59) of the elderly had no comorbidities versus 11.7% (n = 1928) in the younger group ( p = 0.034) ( Table 1 ). PS was better in patients under 80 years: 88.6% of patients with PS 0 or 1 (n = 12 685) versus 85.8% (n = 470) in the octogenarians ( p < 0.0001) ( Table 1) .
Mean age was 82.0 years (interval including 95% of the values: I95 (81.9; 82.2)) for the elderly, and this variable was stable across 5 years, from January 2004 to December 2008, as shown in Fig. 1 .
Lung-cancer presentation
Disease presentation at diagnosis is described in Table 2 . Distribution of histological subtypes was significantly different between the two groups ( p = 0.0001). There were more cases of adenocarcinoma, 48.6% (n = 6948) than squamous cell carcinoma, 33.4% (n = 4777) in the younger group; meanwhile, these subtypes were equilibrated in the older group, at 41.6% (n = 227) and 41.8% (n = 228), respectively.
Octogenarians who received surgical treatment for lung cancer presented less advanced preoperative stage of disease than younger patients. Stages I and II were of 71% (n = 361) versus 66% (n = 8735) in the younger group ( p = 0.001) ( Table 2 ).
Surgical treatment
Surgical treatment analysis is presented in Table 3 . Patients 80 years or older underwent more sub-lobar resections than the others: 11.25% (n = 70) versus 8.2% (n = 1355), p = 0.034 (Table 3 ). The distribution of these procedures was 8.2% (n = 51) of wedge resections and 3.1% [ ( ) T D $ F I G ] (n = 19) of segmentectomies in the octogenarians' group versus 5.7% (n = 934) and 2.6% (n = 421), respectively, in the younger group. A large majority of patients underwent radical lymphadenectomy in the two groups: 79.8% (n = 449) for the elderly and 87.8% (n = 13 177) for the patients under 80 years, and the second rate was statistically higher than the first one ( p = 0.0001) ( Table 3) . Octogenarians underwent more video-assisted thoracic surgery or complete thoracoscopic resections: 7.4% (n = 43) versus 5.6% (n = 917), ( p = 0.034), in accordance with the difference observed in type of resections. Mean operative duration was shorter for the elderly: 113 min (I95 (109; 117)) versus 133 min (I95 (132; 134)) for the younger group, with p < 0.0001. Distribution of the variable concerning surgical resection margins was similar in the two groups; p = 0.41 (Table 3) . Mean hospital stay was 11.9 days (I95 (11.4; 12.5)) for the octogenarians and 13.7 days (I95 (11.2; 16.2)) for younger patients; the difference observed of 1.8 days in mean hospital stay, with shorter hospital stay for the octogenarians, was not significant ( p = 0.17).
Sentinel events and 30-day mortality rates
Frequencies of abnormal situations in surgical treatment of lung cancer referred to as sentinel events are reported in Table 4 . There was no difference in explorative thoracotomy ( p = 0.77), stage IA pneumonectomy ( p = 0.16) and R2 resection ( p = 0.41) between patients 80 years or older, and patients under 80 years. No lymph node dissection was more frequent in the elderly (8%, n = 45) than in younger patients (4.9%, n = 738) ( p = 0.0004). The proportion of patients with ASA 2, PS 1 and FEV 60%, who underwent sub-lobar resection, was significantly higher in the octogenarians' group at 6.6% (n = 39) versus 4.1% (n = 669) for patients under 80 years, with p = 0.012.
Unadjusted 30-day operative mortality rates were 6.5% for octogenarians versus 2.7% for patients under 80 years. This result was highly significant with p < 0.0001; even though it did not take into account any patient characteristic or type of resection.
Contributing centers
The volume categories were composed of 12 centers contributing to the study with at least 500 patients (13.8%), 15 centers in the '500 to 200' category (17.2%), 11 centers in the '200 to 100' category (12.6%), 15 centers in the '100 to 50' category (17.2%), and 34 centers contributing less than 50 patients (39.1%). The distribution of elderly patients treated in the five different groups of centers, and the ratio of recruitment they represent, are presented in Table 5 . As expected, mean number of octogenarians treated per center decreased with volume, but the distribution was very heterogeneous as shown in Fig. 2. 
Discussion
Lung cancer commonly affects older individuals. Aging is inextricably associated with physiological decline of the functional reserve of multiple organ systems. Paradoxically, senior patients are undergoing less extensive preoperative 1.2% (n = 174) 1.1% (n = 6) 0.41 Infra-lobar resection 4.1% (n = 669) 6.6% (n = 39) 0.012 Table 5 . Distribution of octogenarians according to the five volume categories of centers (volume of activity for the studied period).
Number of patients per center (volume of activity for the studied period) >500 500 to 200 200 to 100 100 to 50 <50 Total Centers per volume category n = 12 13.8% and pretreatment diagnostic investigations, according to the International Society of Geriatric Oncology (SIOG) [12] . Clinical data obtained in a younger population cannot be automatically extrapolated to the great majority of nonselected elderly patients with lung cancer [3] . Although an increasing number of studies is being designed for the elderly, the subgroup of patients over 80 years, which constitutes the fastest growing subpopulation, has not been well studied until now. Our study describes octogenarians' characteristics and evaluates surgical management; these results are compared with younger patients over the same time period.
These issues are relevant inasmuch as they can be discussed with a nationwide point of view, to reflect practices. Single-institution experiences are inappropriate to answer these types of questions. Epithor W is representative of French surgical habits including more than 90% of thoracic surgery departments throughout the country. Our study provides an example of how to take advantage of a national database to monitor practice in specific groups of patients.
Octogenarians with lung cancer who are recorded in Epithor W received surgical treatment. In one way or another, this point induces a selection within the elderly. Individual selection processes of each contributor are not recorded in our database. We found significantly worse ASA score, PS, and increased number of comorbidities for patients 80 years or older compared with younger patients. Elderly patients treated with more aggressive treatment are usually selected by PS and organ function, both in clinical trials and in clinical practice [13] . Published evidence suggests that elderly patients are denied potential beneficial treatment because of chronological age and because of the physician perception that they are too frail to receive full multimodality treatment [14] . The elderly should not be denied surgery based on their age alone. They should undergo an assessment of fitness and operability in accordance with the European Respiratory Society -European Society of Thoracic Surgeons recommendations [15] , whatever their age.
This study found differences in lung-cancer presentation: early stages are more frequent in the elderly. There may be a bias due to surgical recruitment. It raises the question of optimal care administered to patients 80 years or older for their stage of disease [16] .
In our study, octogenarians underwent significantly more sub-lobar resections than patients under 80 years, but wedge resection and segmentectomy are considered as adequate alternatives in patients with associated comorbidities [17] . In fact, the sentinel event named 'infra-lobar resection' helps us to equate what is comparable: patients from the two groups that present the same characteristics of ASA 2, PS 1, and FEV 60%. Our analysis shows that, even in wellselected groups, the elderly underwent more sub-lobar resections ( p = 0.012). In addition, no lymph node dissection was more frequent in the elderly than in younger patients in a very significant manner ( p = 0.0004). As far as we know, this point has not been described before. We found that octogenarians underwent more video-assisted thoracic surgery, and mean operative duration was shorter for the elderly. This is correlated to the higher rate of wedge resections in older patients.
Centers involved in Epithor W are very heterogeneous; they reflect the real distribution of the thoracic surgery departments in France. We observed an important variability of volume between the contributing centers. Twelve institutions treated almost 43% of the octogenarians, who received surgical treatment for lung cancer from 2004 to 2008. The recruitment made of patients 80 years and over was comparable in all volume groups of centers, except in the very low volume group, but the distribution was extremely heterogeneous in this category ( Table 5 ). As centers in Epithor W are anonymous, we could not study the impact of private or public status of the institution on the octogenarians' recruitment.
The use of a large multi-institutional database allowed us to evaluate surgical habits for lung cancer in different subgroups of patients. However, the missing information in the database about detailed perioperative treatment and individual selection processes, and the lack of important covariates such as associated symptoms, and radiographic appearance of the lesions, are limitations that we cannot overcome in this study.
Elderly patients desire aggressive therapy as often as younger patients [18] and quality of life after recovery from lung cancer resection is similar for older and younger patients [19] . Surgical literature is optimistic about offering curative surgery to appropriately selected patients [20] [21] [22] , and considers that surgical management of elderly cancer patients is frequently delivered sub-optimally [12, 14] . The appropriateness of surgical treatment depends on the benefit received by the patient. Taking into account their life expectancy, long-term survival is essential to discuss therapies for lung cancer in older patients. The limited data on long-term follow-up is the main shortcoming of Epithor W database. The French Society of Thoracic and Cardiovascular Surgery set up several methods to improve the lack of information on this point by now, especially with on-site quality audits that take place in the departments involved.
Reluctance to recommend surgery for the elderly is partly based on the expectation that the rate of complications and mortality is higher in this group of patients. In our study, 30-day operative mortality was about twice higher for octogenarians than for patients under 80 years. These unadjusted mortality rates need further analysis to determine if the very elderly receive sub-optimal surgical treatment for lung cancer. A properly designed study on outcomes should assess the tolerance of surgical treatment, evaluating morbidity and postoperative mortality in detail.
[ ( ) T D $ F I G ] We are not able to reach a conclusion on these data for the moment. Meanwhile, we can comment on the fact that the differences observed on surgical practices between the very elderly and patients under 80 years did not lead to an obviously decreased operative risk, suggesting that selection would be more important than the treatment itself. Optimizing preoperative assessment for elderly cancer patients may help to identify those patients most at risk of developing postoperative problems. Surgical treatment modalities should remain in line with oncological principles applied to younger patients.
As for a conclusion, this study highlights that octogenarians undergo significantly more sub-lobar resections than younger patients, and that no mediastinal lymph node dissection is more frequent in patients 80 years and over. Elderly patients with NSCLC should not be denied pulmonary resection based on chronological age. Untreated lung cancer has a very poor prognosis and, if active therapy is not at least considered and discussed, elderly patients are being sub-optimally managed.
